failed to show the acetate response. Later, it became clear that this mutant was also deficient in acetate kinase (Ack) (by more than sixfold) and phosphotransacetylase (Pta) (by about twofold). Acs, Ack, and Pta are enzymes involved in the conversion of acetate to acetyl-CoA (Fig. 1) . A motile ackC strain used in our previous study was found to be defective (in capillary assays) for chemotaxis toward aspartate, maltose, and serine (25) . However, when the same strain was studied under better growth conditions, its chemotaxis appeared to be normal (8) . The experiments described here were undertaken to clarify this situation, notably, to determine the role played by Acs (if any) in the acetate response and in chemotaxis.
Requirement for CheY activation. CheA phosphorylates CheY at Asp-57 (5, 19) . This modification induces CW flagellar rotation and tumbling; strains containing CheY with conservative amino acid changes at residue 57 rotate their flagella CCW and swim smoothly (5, 19) . To find out whether activation of CheY is required for the acetate response, we * Corresponding author.
tested tethered cells of a gutted strain containing CheYDE57
(Asp-57-Glu), strain FD750 (Table 1) . This strain failed to respond to acetate (Table 2 ). An otherwise isogenic strain containing wild-type CheY, FD680, did respond ( Table 2) . The latter strain also rotated its flagella CW to some extent in the absence of acetate, presumably because of the high level of expression of CheY under the strong trp promoter. If the acetate response is due to phosphorylation of CheY, then it should be antagonized by CheZ. This was evident in strain FD679 (Table 2) .
Requirement for Ack. Acetate is metabolized by two pathways (3, 18) , with only one involved in the formation of acetyl phosphate (Fig. 1) . We assayed for Ack activity by monitoring the rate of formation of acetyl phosphate from acetate and ATP and for Acs activity by monitoring the rate of formation of acetyl-CoA from acetate, CoA, and ATP. Both acetyl phosphate and acetyl-CoA react with hydroxylamine (Fig. 1, assay a) to yield acetohydroxamate, which forms a colored complex with ferric chloride (the hydroxamate method [18] ). Acetyl-CoA also can be detected in a coupled reaction (Fig. 1, assay b) : a reaction of acetyl-CoA with oxaloacetate to form citrate is coupled with the oxidation of malate, with the production of NADH monitored spectrophotometrically (6) . The coupled reaction is more sensitive; however, it cannot distinguish acetyl-CoA produced via the activity of Ack and Pta from that due to the activity of Acs. Therefore, it is a reliable indicator of Acs activity only in an ack or a pta background. A crude distinction can be made by the hydroxamate method by adding CoA. In extracts from acs+ cells, this increases the yield of acetohydroxamate because of additional acetyl-CoA produced by the Acs pathway. The results of these assays are given in Table 3 . The mutant used in our earlier studies, strain HCB680 (25) , exhibited relatively little Ack activity (hence the designation ackC). The Ack activity of its wildtype parent, strain HCB678, was six times higher. Strains HCB680 and HCB678 also were deficient in Acs activity. Thus, Ack and not Acs might mediate the acetate response. To test this possibility more directly, we looked at acetate responses in gutted strains carrying known mutations in ack andpta (13) . A Tets derivative of the gutted strain HCB722, strain FD544, was prepared by fusaric acid selection (15 transduction, yielding strains FD717 and FD718 (Table 1) . The wild-type parent and the pta strain showed the acetate response, but the ack strain did not (Table 2 ). Since the ackA200 mutation is a point mutation in the structural gene for Ack (22a) , it is likely that the loss of Ack activity is a direct cause of the loss of the acetate response. Enzyme assays confirmed the expected phenotypes (Table 3) . Note also that the introduction of the ack orpta mutation abolished the apparent Acs activity, as measured by both the hydroxamate method and the coupling reaction. This suggests that the Acs activity measured in wild-type strain FD544 by the coupling reaction is really the product of Ack and Pta activities. As a control, we added acetyl-CoA (Sigma) or baker's yeast Acs (Sigma) to the extracts, which led to the expected increase in NADH formation (data not shown). Brown et al. (6) were able to detect significant levels of Acs activity in their strains of E. coli only when cells were grown on glycerol (20 to 25 mM) in the presence of large amounts of acetate (25 mM). Our failure to detect such activity is due either to a different genetic background or to growth conditions that fail to induce synthesis of detectable levels of the enzyme.
Lack of involvement of the PTS. Acetyl phosphate has been shown to phosphorylate CheY in vitro (14) . Thus, Ack might mediate the acetate response directly by increasing the levels of acetyl phosphate. Alternatively, it might phosphorylate enzyme I of the phosphoenolpyruvate:sugar phos- Lack of a requirement for Ack, Pta, and/or Acs in chemotaxis. In order to determine the roles, if any, for Ack and Pta in chemotaxis, we constructed various ack and/orpta derivatives of wild-type strain AW405 (Table 1) . We monitored responses toward aspartate and serine on tryptone swarm plates and toward the PTS sugars fructose and mannose on minimal swarm plates ( Table 4 ). The swarm rates for the mutant strains were identical to those for the wild-type strain for PTS sugars in minimal medium but slower than that for the wild-type strain for aspartate and serine in tryptone. Acetyl phosphate does appear to act as a regulator of operons for phosphate (23, 24) and nitrogen assimilation (9) , where it probably acts by phosphorylating the regulator proteins PhoB and NtrC, homologs of CheY. Using tethered cell-envelope preparations, Barak et 
